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History and Physical Examination
A 37-year-old Indian man presented with painless swelling of the right dorsolateral thorax. The lesion initially was noticed approximately 12 months earlier. Since then, it had grown continuously in size. An open biopsy at another institution obtained one month after onset provided nondiagnostic material. On presentation to us, the patient denied constitutional symptoms, such as fever, night sweats, fatigue, or recent weight loss. The patient's physical status was good and his medical and family history were noncontributory. He had no history of other masses. The patient was working as an electrical engineer and had moved to Germany 10 months before consultation.
Physical examination revealed a well-defined tender mass approximately 10 9 10 cm, which could be displaced toward the musculature. There were no local inflammatory signs or lymphadenopathy. The 2 cm longitudinal scar from the previous biopsy was well healed without hypertrophy or redness.
Imaging studies were performed and included initially chest radiography and MRI ( Figs. 1-3 ). The radiograph of the chest was unremarkable.
Based on the history, physical examination, and imaging studies, what is the differential diagnosis?
Imaging Interpretation
MRI revealed a 5-9 3.8-9 5.2-cm oval mass located in the serratus anterior muscle. The mass was fluid-equivalent with intermediate signal on T1-weighted images ( Fig. 1 ) and high signal on T2-weighted images (Fig. 2 ). There was a small amount of surrounding edema. In the larger cystic formation, a distinct lesion could be detected, showing a liquid-equivalent signal and with a size of 1.4 9 1.2 cm; in this small lesion, a solid hypointense area was seen in all sequences. The multilayered margin of the outer cyst intensely took up contrast medium ( Fig. 3 ).
An ultrasound examination revealed a hypoechoic outer lesion. In the inner lesion, we observed hyperechoic areas corresponding with the hypointense structures found on MRI and interpreted these as calcifications. Doppler ultrasound examination revealed no signs of vascularity.
The patient underwent complete staging using totalbody MRI to exclude a systemic disease. No other lesions was found.
Laboratory tests showed no abnormal findings, but enzyme-linked immunoblot assay was positive for cysticercosis antibodies.
Differential Diagnosis

Myxoid neoplasm Solitary parasitic cyst (hydatid disease, cysticercosis) Metastatic disease Abscess
As the lesion was unifocal, a wide surgical resection was chosen. The skin was incised carefully and a cystic mass identified in the muscle. During the dissection, the mass was not violated and the lesion was totally excised with wide margins (Fig. 4 ). The lamellar cyst wall could be completely preserved. Histologic evaluation was obtained ( Fig. 5 ).
Based on the clinical history, physical examination, radiographic images, and histologic examination, what is the diagnosis and how should the lesion be treated?
Histopathologic Interpretation
Macroscopically, a cystic mass with myxoid viscous yellowish material was seen ( Fig. 4 ). Microbiologic analysis and Gram stain revealed leukocytes but no organisms. There was no growth from the culture. After lavation, a smaller cyst in the larger cyst was obvious. In the cavity of the smaller cystic lesion, there was a yellow papillary growth infiltrating the wall of the cyst.
Microscopic analysis revealed a cysticercus with an invaginated white scolex ( Fig. 5A ) in the smaller cyst. An inflammatory mass with lymphofollicular infiltrate surrounded the cysticercus. The cystic wall was interspersed predominantly with numerous macrophages and necrotic areas.
The typical four suckers and the double row of hooks could be verified ( Fig. 5B-C) .
Diagnosis
Solitary cysticercus of the thorax musculature presenting as a tumor.
Discussion and Treatment
The differential diagnosis based on clinical and radiographic data included a myxoid neoplasm, parasitic cyst, abscess, and metastatic disease. Although metastatic disease or myxoid neoplasm was a consideration, MR images of the soft tissue mass were more consistent with a solitary parasitic cyst or an abscess. These typical features were fluid-equivalent signal and peripheral contrast medium enhancement of the capsule. A solid central lesion could be seen, which suggested the presence of a scolex. However, imaging studies could not clearly distinguish between an abscess and a parasitic cyst. Nevertheless, the possibility of an infection was considered low because there were no systemic or local inflammatory signs. The patient's state of health was good and did not indicate a consuming disease such as metastatic cancer.
Myxoid tumors of soft tissue encompass a heterogeneous group of lesions characterized by a marked abundance of extracellular mucoid matrix. These tumors show substantial variability in their biologic behavior, thus including lesions that are entirely harmless, tumors with a tendency to locally recur but do not metastasize, and malignant tumors. Because of the considerable degree of overlap clinically and morphologically between the various tumor types in this group, potential diagnostic problems often are generated. In this case, the diagnosis of a myxoid tumor could be excluded only with certainty by performing a biopsy. But, with the possibility of a parasitic cyst in mind, we decided not to perform an incision biopsy to prevent systemic dissemination of the parasite. The lesion was nonspecific, but a parasitic cyst was favored. It could be confirmed by positive enzyme-linked immunoblot assay, but it did not definitely indicate the presence of living parasites. Antibodies can be seen to persist for a long time in immune individuals after the death of the parasites. Finally, histologic evaluation of the tissue obtained after surgery established the diagnosis of solitary cysticercosis of the serratus anterior muscle encapsulated by a purulent cyst.
Taenia solium infection and the resulting symptoms are endemic in less developed countries with poor hygiene standards where pigs are raised as a food source. Cysticercosis is common in Mexico, Asia, Central and South America, India, and parts of Africa [18] . T solium, also called the pork tapeworm, is a cyclophyllid cestode in the family Taeniidae. It has a complex two-host life cycle. Cysticercosis in pigs as regular intermediate hosts is caused by ingestion of food contaminated with eggs containing feces of human tapeworm carriers. When ingested, eggs develop into larvae in the intestine of the animal. These larvae migrate through the intestinal wall into the blood circulation and localize in various tissues and organs by forming multiple cysts. When these encysted larvae die, they can induce a granulomatous inflammatory response, which can become symptomatic.
Humans are the only definitive host and harbor the adult tapeworm. After ingestion of undercooked pork infected with cysticerci, these develop into adult worms in the human host. Attaching to the intestinal mucosa, the parasites release proglottids containing eggs or oncospheres. These then can enter the intermediate host, thus completing the parasite's life cycle [6] . Apart from being the definitive host, humans can act as the intermediate host by consumption of food or water contaminated with eggs or proglottids. Autoinfection by regurgitation of proglottids into the stomach has been proposed but not proven [12] .
Neurocysticercosis is the most prevalent infection of the central nervous system worldwide and is the greatest cause of acquired epilepsy worldwide [19] . Less frequently, other organs are involved, including muscles, subcutaneous soft tissues, the eyes, the oral cavity, the heart, and the lungs [9, 11, 13, 20] . Mostly multilocular muscular disease with subsequent pseudohypertrophy caused by multiple cysticercosis is reported.
In contrast, isolated muscular involvement by only one pseudocyst is rare. Only 14 cases have been described to date [1-3, 5, 7, 8, 10, 14, 22] , and none of these occurred in Central Europe. Because of the unspecific symptoms, isolated soft tissue cysticercosis is very difficult to diagnose. The encysted larvae may cause no symptoms for a long time. Usually the disease is confused with other benign swellings. Normally the cysts vary in size from a few millimeters to 1 to 2 cm [6] . However, in our patient, the cyst reached several centimeters in diameter.
To establish a diagnosis, a history of residence in an endemic country can be helpful. Our patient moved to Germany from India 10 months before consultation. But, as an engineer, he had no contact with animals used for food. He reported eating no raw or uncooked meat.
Routine laboratory tests rarely contribute, which can be documented in our patient. Until recently, the attempt at serologic diagnosis of cysticercosis using enzyme-linked immunosorbent assay has been less than satisfactory. The enzyme-linked immunoblot assay performs much better and is reported to have a sensitivity of 98% and specificity of 100% [15, 16] . However, in patients with only a few degenerating cysts or calcified lesions, its sensitivity is much lower [3, 16] .
MRI seems to be the preferred diagnostic procedure although CT is more sensitive to detect calcifications. MRI is the most accurate technique to assess the degree of infection, the location, and the evolutionary stage of the cysticercus. Usually it shows characteristic structures of the cyst. A round area approximately 1 cm in diameter with a low signal on T1-weighted images and a high signal on T2weighted images can be found. In this area, a small dot containing the scolex can be seen. However, images often differ from this owing to the life cycle stages of the parasite and the response activity by the host [17] . In response to an inflammatory process, the cysticercus can be embedded in a pseudocyst, as it was in our patient. Peripheral contrast medium enhancement in the adjacent tissue indicated this.
Many reports of solitary muscular and soft tissue cysticercosis lack adequate staging for other cysts. In most cases, where only a solitary cyst was described, only plain radiography and CT scans of the cranium were applied to exclude other infestation sites [1-3, 5, 7, 8, 10, 14, 22] . We consider this insufficient and recommend total-body MRI.
For symptomatic solitary cysts outside the central nervous system, many doctors advocate surgical resection. Although encysted larvae do not always result in clinical symptoms, systemic therapy usually is advocated in the presence of multilocular cysts or if the number of cysts makes surgical therapy unfeasible or neurocysticercosis is verifiable. In these cases, systemic therapy, for example, with antiparasitic drugs, such as praziquantel and albendazole, should be used [4, 6, 14] . Praziquantel (50 mg/kg per day for approximately 3 weeks) is reportedly effective and is considered the preferred drug for treatment of cysticercosis, although some studies indicate albendazole (10-15 mg/kg per day for approximately 2 weeks) shows better response rates [6, 21] .
In the case of a muscular tumor of unknown etiology, particularly in a patient from an endemic area, cysticercosis and other parasitic cysts should be considered as a possible cause. Because of increasing globalization and labor mobility, orthopaedic surgeons in Western countries also should be aware of parasitic diseases.
When features of a solitary cysticercus are present on MRI, enzyme-linked immunoblot assay should be performed, to help find the correct diagnosis. In case of a solitary cysticercus, surgical resection is the preferred therapy. Total-body MRI to exclude additional infestation sites is highly recommended for choosing the best therapeutic regime. In the case of a multilocular pattern, systemic therapy with antiparasitic drugs is indicated complementary to surgical therapy.
As our patient was free of other relevant symptoms and a systemic or multilocular appearance of the disease was excluded, no additional treatment was necessary after an uneventful postoperative period. The patient was informed about the nature of the disease, regular periodic checkups were suggested, and he was returned to outpatient care. At last followup 1 year postoperatively, he had no local or systemic complaints. 
